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(57) Abstract: 

PURPOSE: To provide a method of manufacturing a 
semiconductor device, wherein a nitride film can be 
formed on the surface of a Cu alloy film at a low 
temperature without deteriorating a device in 
characteristics due to thermal damage done to a wiring 
or the like. 

CONSTITUTION: A first process wherein a Cu alloy film 4 
is formed on a semiconductor substrate 1 and a second 
process wherein at least one out of hydrazine compound, 
amide compound, azide compound, and nitrogen cyclic 
compound is supplied onto the substrate 1 as source gas 
and the substrate 1 is raised in temperature for the 
formation of a nitride film 6 on the surface of the Cu 
alloy film 4 are provided. 
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* NOTICES * 



Japan Patent Office Is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] In detail, it relates to the manufacture method of a semiconductor device, 
and this invention is applicable to stabilization of the front face of Cu wiring, and diffusion 
prevention technology, and especially, a nitride film can be formed in Cu alloy film front face at 
low temperature, and it relates to the manufacture method of a semiconductor device that 
degradation of that the wiring damage by heat can be made hard to produce etc. and an element 
property can be suppressed. 

[0002] In recent years, obstacles, such as electromigration and a stress migration, are 
encountered in AL wiring by detailedHzatipn of the wiring accompanying high integration of LSI. 
For this reason, it excels in electromigration resistance and stress migration resistance as a 
coming wiring material, and Cu which is moreover low resistance is used increasingly. However, 
Cu is Si and Si02. It is easy to be spread, has the fault of being easy to oxidize, and has become 
the wiring material which is hard to deal with it in the semiconductor process. Then, the 
manufacture method of a semiconductor device that the stabilization and diffusion prevention on 
the front face of Cu are realizable is demanded. 
[0003] 

[Description of the Prior Art] Generally, Cu is excellent in electromigration resistance and stress 
migration resistance, and since it is moreover low resistance, it is increasingly used as a wiring 
material of the next generation. However, Cu is Si and Si02 by the heat which the front face 
oxidizes only by leaving it in several hour atmosphere after **********ing since it is easy to 
oxidize, and also starts into a process. It reacted simply and the problem that the outstanding 
property will be spoiled has arisen. Temporarily, when oxidization has not arisen, it reacted by 
the interface with a covering film, and it oxidized gradually, or it was spread, and the same 
problem as the above has arisen after all. 

[0004] Then, the method of covering the front face (circumference) of Cu wiring with the stable 
film which prevents diffusion and oxidization is examined. Wiring is first formed in the method of 
covering this Cu wiring with Cu alloy, and it is N2. Or NH3 Annealing is performed at the elevated 
temperature of 550-800 degrees C in atmosphere, a nd the method of making Cu front face 
diffuse the alloying element in Cu alloy, and forming the nitride of an alloying element is learned. 
About this, for example 1989 PROCEEDINGS VLSI MULTILEVEL INTERCONNECTION 
CONFERENCE KHoshino, H.Yagi, and H.Tsuchikawa: "TiN-ENCAPSULIZED COPPER 
INTERCONNECTS FOR ULSI APPLICATIONS", Appl.Phys.Lett.60(24), 15 J une 1992 Jian Li and 
J .W.Mayer, Y.Shacham-Oiamand, E.G.Colgan:"Formation of TiN-encapsulated copper structures 
in a NH3 It is reported by reference, such as ambient." 
[0005] 

[Problem (s) to be Solved by the Invention] However, by the manufacture method of the 
conventional semiconductor device, as described above, when forming a nitride film in Cu alloy 
wiring front face, since it was annealing at the elevated temperature of no less than 550-800 
degrees C, are easy to produce the damage by heat in Cu alloy wiring or other wiring, and 
contact resistance and barrier property of wiring tended to deteriorate, and also it was easy to 



produce junction leak and the problem that an element property tends to deteriorate was. 
[0006] if the barrier property of a nitride film deteriorates like the above — Cu alloy wiring front 
face — Si and Si02 etc. — it reacted, oxidization advanced to the interior of Cu alloy wiring, and 
the property which was excellent in Cu alloy wiring which is the advantage might be spoiled 
Then, this invention can form a nitride film in Cu alloy film front face at low temperature, and 
aims at offering the manufacture method of a semiconductor device that degradation of that the 
wiring damage by heat can be made hard to produce etc. and an element property can be 
suppressed. 
[0007] 

[Means for Solving the Problem] Invention according to claim 1 is characterized by including the 
process which forms Cu alloy film on a semiconductor substrate, and the process which forms a 
nitride film in this Cu alloy film front face by supplying on this substrate subsequently by making 
at least one of a hydrazine compound, an amide compound, an azide compound, and nitrogen ring 
compounds into source gas, and raising substrate temperature. 

[0008] In invention of the claim 1 above-mentioned publication, at the formation process of the 
aforementioned nitride film, invention according to claim 2 makes the aforementioned Cu alloy 
film front face diffuse the alloying element contained in the aforementioned Cu alloy film, and is 
characterizedby nitriding this element. Invention according to claim 3 is characterized by 
forming the film which prevents oxidization and diffusion of Cu of the aforementioned Cu alloy 
film between the aforementioned semiconductor substrate and the aforementioned Cu alloy film 
in invention of the above-mentioned claim 1 and two publications. 

[0009] Invention according to claim 4 is characterized by the aforementioned Cu oxidization 
diffusion prevention film being what raises the adhesion of the aforementioned semiconductor 
substrate and the aforementioned Cu alloy film in invention of the claim 3 above-mentioned 
publication. As for the aforementioned Cu oxidization diffusion prevention film, invention 
according to claim 5 is characterized by the bird clapper from a refractory metal or high-melting 
point metallic compounds in invention of the above-mentioned claim 3 and four publications. 
[0010] Invention according to claim 6 is characterized by including the process which forms the 
element content film for nitride formation, and Cu film one by one on a semiconductor substrate, 
and the process which forms a nitride film in this Cu film front face by supplying on this 
substrate subsequently by making at least one of a hydrazine compound, an amide compound, an 
azide compound, and nitrogen ring compounds into source gas, and raising substrate 
temperature. 

[001 1 ] In invention of the claim 6 above-mentioned publication, invention according to claim 7 
makes the aforementioned Cu film front face diffuse the element for nitride formation contained 
in the aforementioned element content film for nitride formation, and is characterized by nitriding 
this element. Invention according to claim 8 with the process which forms the element content 
film for nitride formation, and the element content Cu alloy film for nitride formation one by one 
on a semiconductor substrate subsequently It is characterized by including the process which 
forms a nitride film in this Cu alloy film front face by supplying on this substrate by making at 
least one of a hydrazine compound, an amide compound, an azide compound, and nitrogen ring 
compounds into source gas, and raising substrate temperature. 

[0012] In invention of the claim 8 above-mentioned publication, invention according to claim 9 
makes the aforementioned Cu alloy film front face diffuse the element for nitride formation 
contained in the aforementioned element content film for nitride formation, and the 
aforementioned Cu alloy film, and is characterized by nitriding this element. Invention according 
to claim 10 is characterized by the aforementioned hydrazine compound being at least one sort 
in dimethylhydrazine and a methylhydrazine in invention the above-mentioned claim 1 or given in 
nine. 

[001 3] Invention according to claim 1 1 is characterized by the aforementioned amide compound 
being at least one sort in a diethylamide and a dimethylamine in invention the above-mentioned 
claim 1 or given in ten. Invention according to claim 12 is characterized by the aforementioned 
azide compound being at least one sort in a diethyl azide and a dimethyl azide in invention the 
above-mentioned claim 1 or given in 11. 



[0014] Invention according to claim 13 is characterized by the aforementioned nitrogen ring 
compound being at least one sort in triazine, an ethylamine, and a pyrrole in invention the above- 
mentioned claim 1 or given in 12. Invention according to claim 14 is characterized by the 
aforementioned refractory metal being one sort in Ti, Ta, W, Mo, and Nb in invention of the claim 
5 above-mentioned publication. 

[0015] Invention according to claim 15 is characterized by the aforementioned high-melting point 
metallic compounds being one sort in TiN, NbN, and MoN in invention of the claim 5 above- 
mentioned publication. Invention according to claim 16 is characterized by the aforementioned 
element for nitride formation being an element with which the diffusion in Cu forms a nitride 
quickly and easily in invention the above-mentioned claim 1 or given in 15. 
[0016] Invention according to claim 17 is characterized by the aforementioned element for 
nitride formation being one sort in Ti, Nb, and Mo in invention the above-mentioned claim 1 or 
given in 16. Invention according to claim 18 is characterized by using at least one of heat, 
plasma, and light for the aforementioned nitriding method in invention the above-mentioned claim 
1 or given in 1 7. 
[0017] 

[Function] N2 NH3 the conventional method of applying heat in atmosphere and forming a nitride 
film in Cu alloy wiring front face — N2 and NH3 since the very stable molecular structure is 
taken — N2 and NH3 from — in order that making N dissociate may add no less than 550-800 
degrees C elevated-temperature heat treatment, the above problems will arise Then, this 
invention person etc. makes source gas a hydrazine compound, an azide compound, an azide 
compound, and a nitrogen ring compound from a compound at low temperature paying attention 
to what is necessary being just to use the source gas which can dissociate N, as a result of 
inquiring wholeheartedly. The place which nitrided Cu alloy film front face which substrate 
temperature was raised [ front face ] and made Ti etc. contain, The nitride film of the for [ to Cu 
alloy film surface ] oxidization of Cu(s), such as TiN, and for diffusion prevention at low 
temperature with the substrate temperature of about 350 degrees C and the former more 
remarkable than 550-800 degrees C could be formed, and degradation of that t the wiring damage 
by heat can be made hard to produce etc. and an element property was able to be suppressed. 
Hereafter, it explains using a drawing concretely. 

[0018] Drawing 1 is drawing showing the manufacture method of the semiconductor device 
concerning this invention. First, as shown in drawing 1 (a), after forming the layer insulation film 2 
on a substrate 1, forming a refractory metal or the high-melting point metallic-compounds film 3 
on the layer insulation film 2 and forming Cu alloy film 4 on a refractory metal or the high-melting 
point metallic -compounds film 3, the wiring mask 5 is formed. Next, after **********ing Cu alloy 
film 4 by reactive ion etching and forming Cu alloy wiring 4a using the wiring mask 5, the wiring 
mask 5 is exfoliated ( drawing 1 (b)). Next, by performing heat nitriding, plasma nitriding, optical 
nitriding, etc. among a hydrazine compound, an amide compound, an azide compound, and a 
nitrogen ring compound, using at least one as source gas Ti which made the Cu alloy wiring 4a 
front face diffuse Ti contained in Cu alloy wiring 4a, and the front face was made to diffuse is 
nitrided, and the nitride films 6, such as TiN, are formed in a Cu alloy wiring 4a front face 
( drawing 1 (c)). 

[0019] Since N must be made to have to dissociate and a nitriding reaction must be carried out 
from the above-mentioned source gas, although substrate temperature is raised in this invention 
as usual in the case of nitriding The temperature is conventional N2. NH3 It is not necessary to 
make substrate temperature into 550-800 degrees C and an elevated temperature like [when 
annealing ], and, in heat nitriding, in plasma and optical nitriding, substrate temperature can be 
substituted for the low temperature from 100-degree-C grade for substrate temperature before 
and after 350 degrees C. The problem which this generates in high temperature processing like 
before is solvable. 

[0020] When nitriding treatment is performed like the above-mentioned, alloying elements, such 
as Ti contained in Cu alloy wiring 4a, spread and go to a wiring front face, and it is N2 there. It 
reacts and the nitride films 6, such as TiN, are formed. Since an alloying element will diffuse Cu 
alloy wiring 4a at this time, it will be in the state almost near Cu film. Si which according to this 



invention the nitride film 6 is wearing the front face of Cu alloy wiring 4a, and is formed on 
oxidization of Cu, and the nitride film G, and Si02 etc. — since diffusion with a film can be 
prevented and also a refractory metal or the high-melting point metallic-compounds film 3 is 
formed in the interface of Cu of the layer insulation film 2 and Cu alloy wiring 4a, a reaction with 
the layer insulation film 2 of Cu alloy wiring 4a can also be prevented 
[0021] Moreover, in this invention, if the alloying element in Cu alloy wiring 4a is spread to a 
wiring front face and forms the nitride film 6, Cu alloy wiring 4a after diffusion can be made low 
resistance rather than Cu alloy wiring 4a before diffusion. About this, as shown in drawing 2 , 
resistance of the wiring [ example /of comparison ] of this invention after heat nitriding has 
fallen remarkably so that the resistance change result before and behind heat nitriding of the 
Cu-109£Ti wiring in the example of comparison used for source gas may show this invention 
which used CH3 HNNH2 (dimethylhydrazine) for source gas, and helium. It is proving that Ti was 
spread more and this invention nitrided after heat nitriding rather than the example of 
comparison after this. In addition, in this drawing 2 , it is a result at the time of using Cu-10%Ti 
(800nm)/SiO2 (400nm) for wiring structure. 
[0022] 

[Example] Hereafter, the example of this invention is explained with reference to a drawing, this 
example is explained using drawing 1 . First, the layer insulation film 2 of about 400nm of 
thickness is formed on a substrate 1 by CVD etc. At this time, it is Si02 in an insulator layer 2. 
PSG and Si 3N4 It uses. Then, the high-melting point metallic-compounds films 3, such as TiN, 
are formed about 50nm of thickness on the layer insulation film 2 by the spatter etc. At this 
time, a spatter is 3.8mTorr(s) and Ar/N2. Atmosphere, Power It carries out under 4kW 
conditions. Next, Cu alloy film 4 which consists of Cu-10%Ti etc. on the TiN high -melting point 
metallic-compounds film 3 by the spatter etc. is formed about 800nm of thickness. At this time, 
a spatter is for example, 7.2mTorr(s), Ar atmosphere, and Power. It carries out under 4kW 
conditions. In addition, it will not be limited to this, the diffusion rate of this invention in Cu is 
quick, and if a nitride is formed easily, other elements will be sufficient as it, for example, Nb will 
also be available for it, although the alloy film which added Ti was used for Cu as an example in 
this example. Next, it is Si02 in order to form the wiring mask 5 on Cu alloy film 4 which consists 
of formed Cu-10%Ti. A film, a SiN film, etc. are formed. At this example, it is bias efficient 
consumer response-CVD-Si02, for example. 400nm of films is formed. In addition, you may form 
the membrane formation method by P-CVD, This S iO 2 It is Si02 after film membrane formation 
and in the usual photograph process. It is Si02, forming a resist pattern on a film and using this 
resist pattern as a mask. A resist pattern is exfoliated, after #**#**#***ing a film and forming 
the wiring mask 5 (drawing 1 (a)). 

[0023] Next, using the wiring mask 5, Cu alloy film 4 is *****##***ed by reactive ion etching, 
and Cu alloy wiring 4a is formed. At this time, etching is the substrate temperature of 250 
degrees C, S iC 14, N2, and CH4. It etches by impressing RF power 400W under mixed gas and the 
conditions of 2.6x1 0-2Torr. Then, the wiring mask 5 is exfoliated ( drawing 1 (b)). 
[0024] Then, CH3 HNNH210(dimethylhydrazine) ?ccm, helium Under the conditions of 100sccm 
and ITorr, substrate temperature is raised to 350 degrees C, and heat treatment for 15 minutes 
is performed. With this heat treatment, Ti in Cu alloy wiring 4a which consists of Cu— 1 0%Ti 
spreads and goes to a wiring front face, and it is N2 in atmosphere there. It reacts and the TiN 
film 6 which is the nitride of Ti is formed ( drawing 1 (c)). Since most diffuses Ti in Cu alloy 
wiring 4a on a front face at this time, wiring 4a will be in the state almost near Cu simple 
substance. As mentioned above in drawing 2 , diffusion of Ti is understood also from the specific 
resistance falling, and as shown in drawing 3 - drawing 5 , it is understood also from the result 
which investigated the depth direction element distribution of the surface layer of Cu alloy wiring 
4a using the surface depth direction elemental analysis (AES). Drawing 3 shows the depth 
direction elemental-analysis result of the surface layer by AES in Cu alloy wiring after deposition 
here. Drawing 4 shows the depth direction elemental-analysis result of the surface layer by AES 
in Cu alloy wiring in which this invention carried out dimethylhydrazine processing (500 degrees 
C, 15 minutes, ITorr). Drawing 5 shows the depth direction elemental-analysis result of the 
surface layer by AES in Cu alloy wiring in which the example of comparison carried out helium 



processing (500 degrees C,' 15 minutes, ITorr). Thus, it can be made hard to react with the 
insulator layer formed on an insulator layer 2 or the nitride film 6, while being able to carry out 
Cu of Cu wiring 4a that it is hard to oxidize, since the wiring structure which surrounded the 
circumference of Cu wiring 4a by the TiN high-melting point metallic-compounds film 3 and the 
TiN nitride film 6 can be formed in this example, or to diffuse in it. 

[0025] Moreover, PSG, P-Si02, and the spatter SiO 2 which the poor contact considered as a 
wiring damage by heat treatment, the defect of barrier property, and junction leak can be 
prevented in this example since etching and nitriding can be performed at remarkable low 
temperature, and also can form the insulator layer which covers wiring 4a and the nitride film 6 
at low temperature If it uses, it can low-temperatureHze in a total process. 
[0026] In addition, what is necessary is to use nitrogen ring compounds, such as azide 
compounds, such as amide compounds, such as a diethylamine, and a diethyl azide, and triazine, 
and just to, use at least one of a hydrazine compound, an amide compound, an azide compound, 
and, nitrogen ring compounds in short, although the above-mentioned example explained the case 
where hydrazine compounds, such as dimethylhydrazine, were used for the source gas of the 
nitriding treatment of Cu alloy wiring 4a. 

[0027] Although the above-mentioned example explained the case where diffused Ti in Cu alloy 
film 4 which made Ti etc. contain etc., and the nitride films 6, such as TiN, were formed You may 
constitute so that element content films for nitride formation, such as Ti, are formed in the 
bottom of Cu film which does not contain the element for nitride formation, even Cu film front 
face may be made to diffuse Ti etc. through Cu film from this element content film for nitride 
formation and the nitride films 6, such as TiN, may be formed. Moreover, you may constitute so 
that the element content film for nitride formation is formed in the bottom of Cu alloy film 4 
containing the element for nitride formation, the front face of Cu alloy wiring 4a may be made to 
diffuse elements for nitride formation, such as Ti, from the film of these both and the nitride 
films 6, such as TiN, may be formed. 

[0028] Although the above-mentioned example formed in the bottom of Cu alloy film 4 the high- 
melting point metallic-compounds film 3 which consists of TiN, it may form high-melting point 
metal membranes, such as Ti, Ta, W, Mo, and Nb. Moreover, although Ti was used for the 
element for nitride film 6 formation, the element with which the diffusion in Cu forms the nitride 
film 6 quickly and easily may be desirable, and Nb, Mo, etc. are sufficient as it. Moreover, 
although heat nitriding was used for the nitriding method, plasma nitriding, optical nitriding, etc. 
may be used and you may carry out, combining these suitably. 
[0029] 

[Effect of the Invention] According to this invention, a nitride film can be formed in Cu alloy 
wiring front face at low temperature, and it is effective in the ability to suppress degradation of 
that the wiring damage by heat can be made hard to produce, etc; and an element property. 



[Translation done.] 



